A low-sporing isolate of Pithomyces chartarum was grown in submerged liquid culture in defined medium, and a hyphal wall fraction isolated by mechanical disruption. It contains about 20 yo protein, 40 yo bound hexoses, 10 yo bound glucosamine, 10 yo lipid and 5 yo ash.
INTRODUCTION
The chemical nature of the spicules which invest the conidia of Pithomyces chartarum was recently elucidated (Bertaud, Morice, Russell & Taylor, 1963) . Continuing such studies in chemical morphology, we wished to investigate the spore wall that underlies the layer of lipid and depsipeptide. Because comparative data about the composition of hyphal and conidial walls do not exist for any fungus, we began by investigating the hyphal walls of P . chartarum. We aimed to find conditions for isolating, in quantity, a hyphal wall fraction free from conidial contamination, to analyse it in terms of its total content of carbohydrate, lipid and protein, and to determine the qualitative composition of these groups of substances in terms of their monosaccharide, fatty acid and amino acid contents, respectively.
METHODS
Organism. An isolate of Pithomyces chartarum (Ellis, 1960;  Dingley, 1962) found growing on debris of Holcus Zanatus at Virginia Water, Surrey, in September 1961 (Lacey & Gregory, 1962) , and kindly provided by Dr P. H. Gregory, F.R.S.
(Rothamsted Experimental Station, Harpenden, England) was designated isolate E. It formed moderate numbers of spores in surface culture in potato carrot broth at 25', and sectored frequently on potato glucose agar. Single hyphal tips from the edges of sectors of &week cultures were plated to fresh agar. After five such subcultures, two out of the many isolates obtained formed very few spores. One, designated E -H T /~, was chosen for use.
Colonies of E -H T /~ grown from single hyphal tips on potato glucose agar at 25" for 21 days were dark green to black on the under surface. The superficial mycelium was grey-green except for a central portion which was buff and floccose. The edges of the colonies were olive-green and adpressed. Sectoring occurred rarely and only towards the edges of the colonies. The aerial mycelium was thin-walled and almost hyaline, with frequent septa; hyphae, 2.0-4.0 , u diam. Two other types of mycelium were observed; in one type the hyphae, 2.0-3.6 ,u diam., were brown, evenly septate, and appeared to bear conidia. The other type was composed of massive hyphae, diam ., closed by a rubber bung. A glass tube fitted with a cottonwool plug passed through the bung, terminating 5 cm. below it and serving as an outlet for gases and as a means of withdrawing samples for analysis. Two further glass tubes passing through the bung each bore at the lower end an upward-facing sintered glass disc, porosity 1, placed at about one-third of the distance from the bottom of the vessel to the surface of the medium (3-7 1.). Air from a compressor was filtered through cottonwool to remove oil mist, then sterilized by passage through a ceramic filter (Aerox Ltd., Glasgow, Scotland) and passed at about 8 l./min., first through sterile water and then through the sintered glass discs. Additional stirring was by a Teflon-covered magnet, 6 x 1 cm., turned at about 500 rev./min. by a magnetic rotor beneath the fermentor. Two vortices of fine air bubbles were formed in the medium, one travelling upwards and the other downwards. The fermentor was immersed in a bath at
Growth of organism. To sterile water (100 ml.) contained in a sterile stainless steel 'Atomix ' blender (50-200 ml. ; Measuring and Scientific Equipment Ltd., Spenser
St., London, S.W. 1) were added six discs (6 mm. diam.) cut aseptically from a 10-day culture of isolate E -H T /~ on potato glucose agar grown at 25". Blending was carried out for 1 min. at half speed. A portion (10 ml.) of the resulting suspension was added to each of three Ehrlenmeyer flasks (2 1.) containing Ross's medium (200 ml.). The plugged flasks were incubated for 65 hr on a 'Gyrotory' Incubator Shaker (New Brunswick Scientific Inc., P.O. Box 606, New Brunswick, N.J., U.S.A.) at 26' and 250 strokes/min. The mycelial dry weight was determined in two flasks whilst the contents of the third were transferred aseptically to the fermentor containing sterile Ross's medium (3.5 1.). An average inoculum contained about 7 mg. dry-wt. mycelium/ml. The organism was incubated at 25" for 4 days. The growth in the fermentor, examined microscopically at the end of incubation, consisted of straight, hyaline hyphae, 1*6-2-0 p diam. and regularly septate. Some darker mycelium which formed a ring adherent to the wall of the vessel at the level of the liquid surface was discarded. I n more than three dozen fermentations conidia were never observed.
Small portions of the mycelium obtained at the end of the incubation period were used as inocula for potato glucose agar plates which were incubated for 10 days a t 25" and then examined for the presence of contaminants. Meanwhile, when no obvious contamination was detected by microscopic examination, the contents of the fermentor were used for the preparation of the wall fraction.
Harvesting and preparation of the hyphal wall fraction
The culture (3.5 1.) was dispersed in a Waring Blendor (Waring Products Corporation, New York, N.Y.) at 19,000 rev./min. for 45-60 see. at do, and then centrifuged in a pre-cooled Continuous Flow Centrifuge (Sharples Centrifuges Ltd., Camberley , Surrey, England). The mycelium was redispersed in water (3.5 1.) at 4 ' and collected once more.
Washed mycelium (120 g. wet-wt.) was dispersed in the Waring Blendor in icecold 0.1 M-NaC1 solution (150 ml.; Crook & Johnston, 1962) , and portions (30-40 ml.) were passed at 16,000 lb./in2. through a fine needlevalve of a type similar t o that described by Milner, Lawrence & French (1950). The wall fraction was recovered from the suspension of broken hyphae by centrifugation for 10-15 min. at 14OOg, suspended in M-sucrose and collected by centrifugation. Resuspension and centrifugation were repeated twice more with M-sucrose, three times with 0.1 M-NaC1 and three times with water, all below 4 ' . Preparations contained no unbroken hyphae (absence of intense staining with methylene blue 0.01 yo). The yield of wall obtained by freeze-drying the final plug was usually 4-6 g.
Analytical methods
Analyses of medium constituents and mycelial dry weights were made as previously described (Done et al. 1961) .
Total nitrogen was estimated by the micro-Kjeldahl procedure of Chibnall, Rees & Williams (1943).
Total carbohydrate (bound hexose) was determined by a modification of the orcinol H2S0, method of Winzler (Franqois, Marshall & Neuberger, 1962) .
Total hexosamine was quantitatively determined, after hydrolysis of the samples in 4 N-HCl for 4 hr a t 110", by the Elson-Morgan reaction (Blix, 1948) , with glucosamine as standard.
Lipids were extracted into chloroform + methanol (2 + 1, by vol.), washed with 0.2 vol. water and evaporated to dryness. Analysis of constituent fatty acids after methanolysis (Metcalfe & Schmitz, 1961) was done on a Pye-Argon Gas Chromatograph (W. G. Pye and Co., Cambridge, England), with Apiezon L or polyethylene glycol adipate as the stationary phase.
Ash was estimated in samples heated at 600' to constant weight. aniline hydrogen phthalate (Partridge, 1948) ; and for amino acids, 0.2 yo (w/v) ninhydrin in acetone.
Hydrolysis of hyphal wall
(1) For monosaccharide constituents, the wall fraction (5 mg.) was suspended in 0.1 ml. of 72% (v/v) H,SO,; after 18 hr at room temperature the solution was diluted with water (0.7 ml.), heated at 100" for 4 hr in a sealed tube, then neutralized (pH 6) with barium carbonate, filtered and the filtrate evaporated to dryness at 25" under vacuum.
(2) For amino acids, the wall fraction (30 mg.) was hydrolysed by 6 N-hydrochloric acid (50 ml.) at 110" for 18 hr. The hydrolysate was evaporated to dryness under reduced pressure and dried over solid sodium hydroxide. Quantitative analysis of the amino acids was carried out by the method of Spackman, Stein & Moore (1958) in an Automatic Analyser (Evans Electroselenium Ltd., Halstead, Essex).
(3) For nucleic acids, the wall fraction (10 mg.) was hydrolysed by N-HC~ for 1 hr and the hydrolysate chromatographed in butan-1-01 + acetic acid + water (4 + 1 + 5, by vol.). The chromatogram was examined in ultraviolet light for the presence of purines and pyrimidines.
RESULTS
Although no isolate of Pithornyces chartarurn tested by Dingley, Done, Taylor & Russell (1962) formed more than a few conidia in submerged culture it was desirable, for work on hyphal walls, to use an asporogenous isolate. It was also desirable to obviate batch-to-batch variation due to adaptive behaviour of a heterokaryon, by using a homokaryotic strain. Neither ideal was achieved; all the isolates obtained by hyphal-tip subculture sectored under favourable conditions, and none was completely asporogenous. However, the isolate E -H T /~ did not sector on the minimal medium used, and no spores were detected in submerged cultures. This isolate also had the advantage that its walls were only lightly pigmented. Preliminary work with the conidia of P . chartarum has shown that characterization of other wall constituents is complicated by the presence of pigment.
Because of the morphological heterogeneity resulting from surface culture, submerged liquid culture was used to produce a homogeneous mycelium free from conidia. Although the organism grew well in shake flasks, a more even and finely divided growth was obtained in a simple fermentor. In Fig. 1 the growth and utilization of medium constituents are shown for a typical culture; the incubation was terminated after 4 days, when the mycelium had become so dense that stirring and aeration were impaired.
Preparation and analysis of the hyphal wall fraction
After early experiments on disruption of hyphae with glass beads (Korn & Northcote, 1960; Crook & Johnson, 1962) we changed to a method in which the mycelial suspension was passed under pressure through a fine needle-valve. This, followed by differential centrifugation to remove cell contents, gave a cleaner product in higher yield than was obtained by similar treatment of bead-disrupted hyphae. The wall fraction was obtained in larger fragments, up to 2 0 p long. NO 8.5-8.7 0.5-0-6 3-5 5-6 * Calculated by subtracting bound hexosamine nitrogen from total nitrogen. t Calculated by adding together the nitrogen of the amino acids determined by ion-exchange chromatography.
cytoplasm was detected either in the optical microscope after mounting the material in methylene blue solution, or in electron micrographs (kindly prepared by Dr Hilary Griffiths) of unsectioned fragments fixed with phosphotungstic acid (Plate 1).
In Table 1 are listed the results of analyses of many batches of wall fraction prepared in this way. Nucleic acids were not detected. Samples were hydrolysed by acid and the hydrolysates examined by paper chromatography for the presence of sugars; only hexoses and hexosamine were found. Other hydrolysates were submitted to amino acid analysis by ion-exchange chromatography, kindly carried out by Mr L. Lester. Tryptophan, which is acidlabile, was determined separately. In view of the known mutual destruction of amino acids and sugars during acid hydrolysis, the results, listed in Table 2 , are presented only semiquantitatively. A small peak on the ion-exchange chromatogram, estimated to be about 0.5 % of the total hexosamine, may have been due to galactosamine. Estimation of galactosamine in the presence of glucosamine becomes inaccurate when the minor component represents less than 2 % of the total hexosamine (Gardell, 1953; Cessi & Serafini-Cessi, 1962; Johnston, 1963 ). An artificial mixture of 2.4 mg. glucosamine + 100 pg. galactosamine was cleanly separated on a column of Zeo-Karb 225 (60 x 1 cm.) by the method of Crumpton (1959), but no such evidence was found for the presence of galactosamine in wall hydrolysates containing similar concentrations of glucosamine. We conclude that more than 99% of the total wall amino sugar was glucosamine. The identity of glucosamine was confirmed by the Morgan & Elson (1934) reaction, by its position relative to the amino acids on ion-exchange chromatograms, and by its degradative deamination to arabinose (Stoffyn & Jeanloz, 1954) . No evidence was found for the presence of any other hexosamine.
The lipid was not analysed completely. Vapour-phase chromatography of the methyl esters of the constituent fatty acids, kindly carried out by Miss Julia Cullen, showed the presence, in descending order of abundance, of C,,-saturated, C,,-diand mono-unsaturated, C18-saturated and C,-mono-unsaturated fatty acids. Small unidentified peaks appeared in the C12-C14 region. 
Hyphal walls of Pithomyces chartarum

DISCUSSION
This paper records the preparation and properties of a fraction obtained by mechanical disruption of Pithomyces chartarum hyphae. I n avoiding chemical or enzymic treatment we sought to isolate the 'whole wall'; we are aware that, in so doing, the ideal of 'nothing but the wall' may have eluded us. Nevertheless, the fraction so prepared is reproducible, is obtained in good yield, and corresponds in morphology to what is generally termed cell wall. Having noted the pertinent comments of de Duve (1964), we have called our material the ' hyphal wall fraction'.
Cell walls may vary in composition even when the organism is grown under controlled conditions. For this reason alone, precise quantitative estimates of amino acids and sugars would be of little significance. In fact, the precision obtainable is low, because chemical changes take place during hydrolysis. This limitation is not serious, for careful fractionation gives homogeneous materials, more amenable to chemical study. The results of such studies will be reported elsewhere.
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